By knowing a baby's weight and age one can make a good guess as to what temperature would be appropriate to nurse him in an incubator (Hey 1971) . However no one temperature is appropriate for all babies whatever their size or age. Hey pointed out precise requirements wherein his table is applicable. For instance, it was designed to apply where all the temperatures round the baby, namely those that he touches, the air, and the radiant receiving surfaces, are all at the same temperature. In these circumstances a single temperature describes the thermal environment reasonably well but in using a single-walled incubator one must allow an extra 1°C for every 70 whereby the room temperature is cooler than the incubator temperature. Again, Hey's work was done with a relative humidity of about 50%; when the relative humidity is appreciably higher or appreciably lower, due allowance must be made. These points emphasize that it is clinically difficult to assess heat loss and gain precisely.
The principle of servo-control is that the instrument senses the baby's temperature and adjusts the thermal environment automatically. The adult attendant can elect to do different things. He can turn up the air temperature, increase radiant temperatures, or clothe the baby. Some of these adjustments are possible to an instrument, but not all.
Two important trials (Day & Caliguri 1964, Buetow & Klein 1964) on the use of servo-control incubators in nursing very small premature babies, showed a striking reduction in mortality, especially in the small baby. The incubators used were a generally heated incubator to keep the air temperature at 31.5°C with supplemental radiant heat from a low-energy infrared heater applied to keep the abdominal skin temperature at 36°C. This showed that the application of sufficient warmth is important and that a servo-controlled system is effective.
A disadvantage of a servo-controlled incubator is that the temperature of the baby as a clinical guide to serious conditions like infection or hypoglycxmia is lost. The first of overwhelming septicamia, intraventricular humorrhage or hypoglycaemia may be a fall in body temperature.
Alternatively infection may raise the temperature although less reliably in the newborn than in the adult. With servo-control this change of temperature is not possible because the incubator is designed to prevent it. The loss of this clinical information may be less important than has been suggested. The temperature of a hypoglycxmic baby should not fall abruptly unless his homeothermy is already stressed. Also, when a baby's temperature falls, in the clinical situation one can never be sure that one of the avenues of heat gain or loss has not changed appreciably. Thus the change of temperature of a baby in an incubator is comparatively uninterpretable in clinical terms.
Site to Monitor Which site should be monitored to make sure that heat balance stays constant? There are considerable disadvantages in choosing core temperature. The core temperature of course only represents some 60 % of the body mass and peripheral temperatures can be much colder. Babies have a considerable capacity for maintaining their temperatures and the core temperature will only change when this capacity has been overwhelmed. Thus a baby could be at considerable stress from cold involving, say, a 40 % increase in oxygen consumed and substrates burned and yet manage to maintain his core temperature. The servocontrol mechanism cannot sense this, but by using a peripheral temperature, assistance may be applied as soon as skin cooling begins. Thus the peripheral temperature is more useful when cold stress is likely.
There is a choice of peripheral sites. Theoretically the whole baby should be encased in small thermistors for continuous recording of heat flow in and out, but this is not practicable. It has been suggested that skin thermistors should be placed on the face, body and a limb, so that one can achieve a computerized optimum. Silverman et al. (1958) decided for practical purposes to monitor the temperature of the exposed abdominal skin and to examine metabolic rates. At 36.5°C, oxygen consumption was lowest. At a skin temperature of 35°C the cost in added oxygen consumption was something in the order of 15-20%, while at a higher skin temperature of 37°C the cost was in the order of an added 10 %.
A clinically measured skin temperature is not however what physicists would accept as a true surface temperature. The measurement is made by putting a thermocouple or a thermistor on the skin and strapping it there with a thin layer of adhesive. Clearly this changes the thermal environment on that area of skin. For most stable situations with adequate skin circulation this is acceptable but it is important to lead the copper wires along the surface of the skin for some centimetre or two to compensate for heat conducted away from the thermistor bead by the copper. One may then assume that the skin circulation is making the temperature one is measuring similar to the temperature of the exposed skin. However when radiant heat sources are used, especially if they are comparatively high-energy sources, this assumption is not valid. Scott and his co-workers (Belgaumkar & Scott 1975) have shown that in conditions of low relative humidity the assumption is particularly inappropriate. Latent heat evaporation of water will be cooling the skin except at the very point where the temperature is being measured because this is covered by an occlusive dressing. The information from the skin thermistor in these circumstances may be misleading and will in turn mislead the servo-control incubator which will not turn on an appropriate amount of heat.
If the thermistor falls off, the servo-control will try to keep the air temperature at 36.5°C and this may well not be appropriate. If it falls off onto a warm surface, or if a baby rolls over and lies on the thermistor, especially if there is a heating pad underneath, the servo-control mechanism will give inadequate heat. When babies are turned from side to side nurses not infrequently forget to change the position of the skin thermistor.
On-off Cycling
A convenient and comparatively cheap means of applying heat in an incubator or from a radiant heat source which is to be thermostatically con-trolled is the simple one that if the sensor finds it too cold a heat source is turned on and if the sensor is then satisfied the heat source is turned off. This system is used in many incubators and inevitably leads to on-off cycling of temperature around the set point. Gleiss (1956) showed marked oscillations in the air temperatures in an incubator made to this design and wondered if it would be harmful. Dawes (1965) from animal work also suspected that it might be harmful especially with respect to its effect on breathing. For instance, Perlstein et al. (1976) , amongst others, have shown that apnoeic spells are related to sudden changes in temperature especially during the warm phase. Belgaumkar & Scott (1975) showed that relative humidity is important in this respect. Aynsley-Green et al. (1975) working in Oxford have shown the very considerable fluctuation in air temperature which occurs during the on-off cycling. There is nearly a 3°C change over about a half-hour cycle. This cycling is partly smoothed when the temperature is measured inside an open-ended heat shield, and almost completely removed if a closed-ended heat sheld or a proportional control heater is used. The principle of proportional control of course is simply that the sensor does not send an all or none message. If the temperature is slightly below that which is desired a little bit of heat is turned on, and if it exceeds the desired temperature slightly,;a little bit of heat is turned off, thus one has a smoothing of the large cycles which occur with an on-off incubator. It would be interesting to see whether one could obtain a reduction in apneic attacks or even a reduction in mortality if one uses a proportional control machine rather than an on-off cycling machine.
In conclusion, warmth is important in the case of newborn babies. Servo-control is a rational system but raises several problems. As with all tools, the servo-control incubator is only as good as the persons who use it.
